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NATIONAL AEEONAUTICS AND SPACE ADMINISTRATION 

TECHNICAL NOTE D-1973 

BMAVIORAL TESTING DURING A 7-DAY C O N F 1 " T  : 

THE INFORMATION PROCESSING TASK 

By R o l l i n  M. Pat ton 

TWO sub jec t s  w e r e  confined f o r  7 days i n  a mock-up of a space capsule with a 
usable volume of 123 cubic fee t .  A h.-hour-on, 4-hour-off duty cycle  w a s  main- 
t a ined ,  one subject working and one r e s t i n g  a t  a l l  t imes.  Various measures of 
physiological  and behavioral  functioning were taken. 
performance i n  a t a s k  requir ing t h a t  t h e  subject  a c t  as an information processor.  
The s u b j e c t ' s  t a s k  w a s  t o  l o c a t e  and mark c e r t a i n  designated l e t t e r s  among an 
a r r ay  of l e t t e r s .  
ignated l e t t e r s  and t h e  r a t i o  of designated t o  i r r e l e v a n t  l e t t e r s  within t h e  
a r r ay .  The t a s k  w a s  performed once each duty period. 

One of t h e  l a t te r  assessed 

Task complexity w a s  manipulated by varying t h e  number of des- 

The q u a l i t y  of  performance of t h e  information processing t a s k  i s  expressed 
by speed ( l e t t e r s  processed per  minute) and e r r o r  ( e r r o r s  per  page) scores .  
Over t h e  course of t h e  confinement, both sub jec t s  showed improvement i n  speed 
scores ,  but subject  R ' s  e r r o r  score improved, while subject  S ' s  showed no s i g n i f i -  
cant change. Subject R's e r r o r  score w a s  r e l a t e d  t o  t i m e  of day, with best  pe r -  
formance during h i s  night s h i f t  and poorest  during h i s  day s h i f t .  The e f f e c t  d i d  
not diminish during t h e  l a t t e r  p a r t  of t h e  confinement. Subject S ' s  e r r o r  score 
showed no e f f e c t  r e l a t e d  t o  t i m e  of day. Subject S ' s  speed score w a s  r e l a t e d  t o  
t i m e  of day, with h i s  bes t  per€ormance occurring during t h e  evening and h i s  poor- 
e s t  a t  n ight .  The e f f e c t  w a s  more pronounced a t  t h e  end of t h e  confinement than  
a t  t h e  beginning. Subject R ' s  speed score showed no e f f e c t  of time of  day. 

Although t h e  speed and e r r o r  scores were markedly a f f e c t e d  by v a r i a t i o n  i n  
t a s k  complexity, t h e  hypothesis t h a t  under unfavorable conditions ( i . e . ,  nonpre- 
f e r r e d  s h i f t s )  performance of r e l a t i v e l y  complex t a s k s  would s u f f e r  g r e a t e r  
decrements than would simple t a sks  w a s  not confirmed. 

Performance of t h e  t a s k  w a s  maintained at what appears t o  be a reasonably 
high l e v e l  throughout t h e  7-day confinement. This  r e s u l t  i nd ica t e s  t h a t  under 
t h e  conditions of t h i s  study, prof ic iency i n  an  information processing t a s k  can 
be maintained i n  a small capsule. 



INTRODUCTION 

The accomplishment of manned missions i n t o  space and plans f o r  more 
e labora te  ventures i n  t h e  f u t u r e  have increased i n t e r e s t  i n  human response t o  
var ious  unusual s i t u a t i o n s  and operat ing conditions t h a t  w i l l  e x i s t .  Neces- 
sary r e s t r i c t i o n s  of  payload weight and s i z e  of t h e  spacecraf t  ind ica te  t h a t  t h e  
extent  of t h e  occupants'  bodily movements and perceptual  f i e l d  may be so 
r e s t r i c t e d  t h a t  t h e i r  performance w i l l  degenerate. Studies  of human response t o  
confinement have been performed i n  var ious l abora to r i e s  (refs.  1 t o  9 ) .  The crew 
compartment h a b i t a b i l i t y  study conducted a t  t h e  Ames Research Center, of which 
t h e  t e s t i n g  procedures repor ted  here  were a p a r t ,  w a s  unique i n  t h a t  t h e  confine- 
ment capsule r e a l i s t i c a l l y  simulated, i n  s i z e  and general  arrangement, a two-man 
space vehic le  such as i s  proposed f o r  near-future  missions, and c lose ly  evaluated 
a wide v a r i e t y  of behavioral  and physiological  ind ices .  
h a b i t a b i l i t y  study, including i t s  r a t iona le ,  t h e  procedures employed, and a sum- 
mary of t h e  r e s u l t s  of t h e  var ious t e s t i n g  procedures, has been presented 
( r e f .  10). 

A descr ip t ion  of t h e  

T a b l e  I presents  a t y p i c a l  on-duty work schedule employed i n  t h e  study. 
Seven d i f f e ren t  performance t a sks ,  ind ica ted  i n  t a b l e  I by a s t e r i sks ,  w e r e  admin- 
i s t e r e d  sequent ia l ly  during each duty per iod.  They were se lec ted  t o  represent  a 
t y p i c a l  workload f o r  a 7-day lunar  mission. 
administered independently, each cons t i tu ted  a separa te  subexperiment within t h e  
ove r -a l l  t e s t i n g  procedure. I n  addi t ion  t o  t h e  t a s k  reported here, t h e  p a t t e r n  
discr iminat ion t a s k  has been reported i n  d e t a i l  ( re f .  11). 
descr ipt ions of t h e  general  procedures used i n  t h e  Ames h a b i t a b i l i t y  study have 
been described i n  both r epor t s .  

Since t h e  performance tasks were 

For convenience, 

I n  t h e  operat ion of man-machine systems, an important aspect of  man's r o l e  
i s  t h e  recept ion,  processing, and d i s t r i b u t i o n  of information. Such behavior 
has been t h e  subject  of many s tud ie s  by psychologists ( re fs .  12  t o  17). Fluctu-  
a t ions  of t h e  l e v e l  of a t t e n t i o n  i n  continuous information processing t a sks  have 
been demonstrated ( r e f .  1'7). Typically,  such s tud ie s  requi re  t h a t  t h e  subject  
l oca t e  designated s t imu l i  within an a r ray  of t hese  and s i m i l a r  s t imul i  presented 
sequent ia l ly .  It w a s  f e l t  t h a t  such a t a s k  might be sens i t i ve  t o  c e r t a i n  condi- 
t i o n s  of t h e  h a b i t a b i l i t y  study, spec i f i ca l ly ,  measuring a lowering of a t t e n t i o n  
r e l a t e d  t o  t h e  durat ion of occupancy of t h e  compartment and/or t h e  time of day 
at which t h e  t a s k  w a s  performed. It w a s  hoped t h a t  t h e  t e s t  would predic t  t h e  
qua l i t y  of performance o f  opera t iona l  t a sks  which involve a subs t an t i a l  amount 
of rout ine  information processing. 

PROCEDURE 

Two subjec ts  were enclosed f o r  7 days i n  a cone-shaped capsule, of approxi- 
mately 123 cubic feet  of  usable volume. The capsule contained two seats. One 
of these  could be r ec l ined  t o  provide a cot  f o r  t h e  off-duty subject .  One sub- 
j e c t  a t  a time could s tand behind t h e  seats,  and exercise  moderately. Except f o r  
volume, a l l  physical  aspec ts  of t h e  environment (heat  , ven t i l a t ion ,  i l luminat ion,  
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e t c . )  accorded with usual  requirements f o r  human comfort. 
provided t o  diminish noises  from t h e  outs ide environment. 
t h e  compartment w a s  con t ro l l ed  by t h e  sub jec t s .  

Some i n s u l a t i o n  w a s  
The i l luminat ion of 

Duty cycles  were an  a l t e r n a t i n g  4 hours on, 4 hours o f f ,  with one subject  
on duty a t  a l l  t i m e s  while t h e  other  r e s t e d .  On-duty s h i f t s  were: 

12  Noon - 4 P.M. Subject S,  Day s h i f t  
4 P.M. - 8 P.M. Subject R ,  Evening s h i f t  
8 P.M. - 12 Midnight Subject S ,  Evening s h i f t  

12  Midnight - 4 A.M. Subject R ,  Night s h i f t  
4 A.M. - 8 A.M. Subject S , Night s h i f t  
8 A.M. - 12 Noon Subject R ,  Day s h i f t  

A v a r i e t y  of performance t a s k s  were given t h e  on-duty sub jec t .  Tasks 
r equ i r ing  information processing, t h e  est imat ion of  t h e  rate of a po in te r  move- 
ment , vigi lance,  p a t t e r n  discrimination, navigation computation and t racking 
were administered. The t o t a l  t i m e  required for t hese  procedures w a s  s l i g h t l y  
over 3 hours of t h e  4-hour duty per iod.  

The information processing t a s k  w a s  administered once each on-duty period, 
During each s h i f t ,  a loose- leaf  binder containing work- during t h e  t h i r d  hour. 

sheets  on which t h e  t e s t  ma te r i a l  appeared w a s  placed i n  t h e  capsule and removed 
v i a  a pass-through arrangement. Ten worksheets, a l l  d i f f e r e n t ,  were used each 
time. The l e t -  
t e r s  w e r e  arranged i n  16 double-spaced rows of 50 l e t t e r s  each. 
l e t t e r s )  chosen from among those appearing i n  t h e  a r r ay  w a s  hand p r i n t e d  a t  t h e  
t o p  of t h a t  worksheet and w a s  much l a r g e r  than those i n  t h e  typed a r r a y  
(1/2 inch h igh ) .  
c a l l e d  a designated l e t t e r )  wherever it occurred i n  t h e  a r r ay ,  and t o  ind ica t e  
such a l e t t e r  by drawing a v e r t i c a l  l i n e  through it .  
appeared many times i n  t h e  a r r a y .  A t y p i c a l  worksheet as it appeared a f te r  
processing by t h e  subject  i s  shown as f i g u r e  1. 

Each worksheet presented an  a r r ay  of 800 typed c a p i t a l  l e t t e r s .  
A l e t t e r  (or 

It w a s  t h e  s u b j e c t ' s  t a s k  t o  l o c a t e  t h i s  l e t t e r  (he rea f t e r  

A designated l e t t e r  

Task complexity w a s  manipulated by varying t h e  number of d i f f e r e n t  l e t t e r s  
i n  t h e  a r r a y  (6, 12, o r  24) and t h e  number of designated l e t t e r s  (1, 2, o r  4 ) .  
Five such combinations w e r e  used: 

L e t t e r s  i n  a r r ay  Designated l e t t e r s  

I 24 1 
I1 24 2 
I11 24 4 
I V  6 1 
V 12  2 

Thus two sequences could be derived. The I, 11, I11 sequence presented 
r a t i o s  of 1:24, 2:24, and 4:24, and i s  c a l l e d  t h e  array-constant sequence. 
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Within t h i s  sequence, t a s k  complexity w a s  var ied,  but t h e  complexity of t h e  mate- 
r i a l  t o  be processed w a s  he ld  constant.  The number of designated l e t t e r s  appear- 
ing  within t h e  a r r a y  va r i ed .  
2:12, and 4:24 and i s  c a l l e d  t h e  r a t io -cons t an t  sequence. 
a l s o  t a s k  complexity w a s  var ied,  but t h e  number of designated le t te rs  i n  t h e  
a r r a y  remained constant ( ~ 6 ,  an average of 133 i n  t h e  800 l e t t e r s  of t h e  a r r a y ) .  

The I V ,  V, I11 sequence presented r a t i o s  of 1:6, 
Within t h i s  sequence 

The l e t t e r s  G and Q w e r e  never used i n  t h e  a r rays ;  thus 24 l e t t e r s  were 
a v a i l a b l e  f o r  t h e  l a r g e s t  a r r ays .  
a r r ays  were chosen from among t h e  24 ava i l ab le  by a random-number procedure. 
There w a s  no p a r t i c u l a r  order  of l e t t e r s  i n  t h e  a r ray ;  they were arranged by 
s t r i k i n g  t h e  appropriate  typewri ter  keys i n  a chance sequence. 

The l e t t e r s  used i n  t h e  6- and 1 2 - l e t t e r  

I n  a l l ,  15 d i f f e r e n t  a r r ays  w e r e  developed: t h r e e  6- le t te r ;  t h r e e  1 2 - l e t t e r ;  
and nine 2 4 - l e t t e r .  Since t h e  2 4 - l e t t e r  t e s t  form w a s  presented 3 t i m e s  as o f t e n  
as t h e  o thers ,  t h e  g r e a t e r  number of 2 4 - l e t t e r  t e s t  forms allowed each of t h e  15 
forms t o  be presented equally of ten .  

The order  i n  which t h e  var ious conditions were presented during a se s s ion  
and t h e  p a r t i c u l a r  a r r a y  t o  be used w e r e  determined from a t a b l e  of random num- 
bers .  Repet i t ion  of a r a t i o  within t h e  f i r s t  5 pages, o r  within t h e  las t  5 pages, 
w a s  not allowed. Thus each of t h e  r a t i o s  appeared once i n  t h e  f i r s t  5 pages of  
t h e  booklet, and each appeared once i n  t h e  second 5 pages. 

A t ab le  of random numbers w a s  a l s o  used t o  s e l e c t  t h e  required number of 
designated l e t t e r s  from among t h e  ava i l ab le  l e t t e r s  i n  t h e  a r r ay .  For example, 
f i gu re  1 rep resen t s  an a r r ay  of 12 l e t t e r s  i n  which two designated l e t t e r s  must 
be loca ted .  The 12  l e t t e r s  used i n  t h i s  case are 0, I, 13, J, Y, T ,  M, E, W, S, 
X, and D. The two designated l e t t e r s ,  T and B, were chosen from among these  by a 
random process.  

The subject  accomplished t h e  t a s k  by scanning t h e  t o p  row of  t h e  page, then 
t h e  second row, and so on t o  t h e  bottom of t h e  page. Upon completing a page, he 
turned immediately t o  t h e  next page and repeated t h e  process.  For conditions 
11, 111, and V he w a s  asked not t o  l o c a t e  a l l  of one l e t t e r ,  then a l l  of  another,  
but t o  scan t h e  a r r ay  once, looking f o r  a l l  designated l e t t e r s  simultaneously. 

The subject  worked continuously a t  t h e  t a s k  f o r  24 minutes. The experimenter 
spoke t h e  word "c i r c l e "  t o  t h e  subject  at one-minute i n t e r v a l s  a t  which time t h e  
subject  d r e w  a c i r c l e  around t h e  l e t t e r  he w a s  regarding a t  t h e  moment. Speed 
of t a s k  performance w a s  measured by t h e  number of l e t t e r s  appearing between con- 
secut ive c i r c l e s  on one page. Where t h r e e  o r  four  c i r c l e s  appeared on a page, 
t h e  mean value w a s  computed. The reason f o r  t h e  p a r t i c u l a r  approach t o  t h e  speed 
score w a s  t h a t  t h e  inves t iga to r  hoped t o  de t ec t  increases  o r  decreases i n  speed 
on each page. A s  it turned out ,  t h e  data  w e r e  i n s u f f i c i e n t  f o r  such an  ana lys i s .  

Designated l e t t e r s  not marked w e r e  scored as e r r o r s .  

The sub jec t s  were not i n s t r u c t e d t o  t r y  e i t h e r  f o r  maximum speed o r  
m a x i m u m  accuracy, but t o  "perform t h e  work as wel l  you can, working as rapidly 



and as accura te ly  as poss ib le . "  Performance of a t a s k  such as t h i s  i s  extremely 
s e n s i t i v e  t o  any in s t ruc t ions  t o  achieve e i t h e r  maximum speed or maximum accu- 
racy, s ince  inevi tab ly  one must be gained at t h e  expense of t h e  other .  The 
in s t ruc t ions  w e r e  designed de l ibe ra t e ly  t o  allow t h e  subjec t  himself t o  choose 
h i s  l e v e l  of performance r e l a t i v e  t o  speed versus  accuracy. 

Because of time l i m i t a t i o n s  p r i o r  t o  t h e  confinement, no p re t r a in ing  i n  t h e  
t a s k  was  given. 

RESUU'S AND DISCUSSION 

The subjec ts  seldom completed many of t h e  la t ter  5 pages of t h e  t e s t  
booklet .  Consequently, only t h e  f irst  5 pages could be used i n  t h e  ana lys i s .  
Because of t h e  cons t ra in t  i n  sequence previously mentioned, each of t h e  f i v e  
r a t i o  condi t ions appeared once i n  t h e  first 5 pages. 

Speed of performance i s  expressed as mean number of l e t t e r s  processed per 
minute. Accuracy i s  expressed as number of e r r o r s  per  page. To f a c i l i t a t e  com- 
par isons,  t h e  s c a l e  f o r  e r r o r  i s  inverted,  so t h a t  i n  a l l  f i gu res  an upward 
movement o f  t h e  curve, o r  a r e l a t i v e l y  higher pos i t ion ,  i nd ica t e s  b e t t e r  perform- 
ance ( f a s t e r  or fewer e r r o r s ) ,  while a downward movement of  t h e  curve, o r  a lower 
pos i t ion ,  represents  poorer performance. 

Preliminary inspec t ion  of t h e  data indica ted  t h a t  t h e  requirements f o r  t h e  
use of parametric t e s t s  f o r  t h e  var ious comparisons were not met. Consequently, 
t h e  s ign i f icance  of var ious observed d i f fe rences  w a s  t e s t e d  by nonparametric 
methods only.  The t e s t s  used were t h e  Mann-Whitney U Test  and t h e  Friedman Two- 
Way Analysis of Variance by Ranks. 

The Mann-Whitney U Test  ( ref .  18, pp. 116-127) develops a s t a t i s t i c  ( z )  
which allows a statement of t h e  p robab i l i t y  (p) t h a t  two independent samples 
could have been drawn from t h e  same population. 

The Friedman Two-way Analysis of Variance ( r e f .  18, pp. 166-172) develops a 
k (3  or s t a t i s t i c  ( X r 2 )  which a l l o w s  a statement of t h e  p robab i l i t y  (p)  t h a t  

more) samples could have been drawn from t h e  same population. The value of  p 
f o r  a given xr2 i s  a func t ion  of t h e  number o f  degrees of freedom ( d f ) ,  with 
df = k - 1. 

Day-by-Day Performance 

Figure 2 presents  t h e  speed scores  separa te ly  f o r  subjec ts  S and R f o r  each 
day of t h e  confinement. Each poin t  p l o t t e d  represents  a mean value for a l l  
s h i f t s  and a l l  experimental t reatments .  

Both subjec ts '  scores  show an ove r -a l l  improvement during t h e  course of t h e  
confinement. This  t r e n d  w a s  t e s t e d  by comparing t h e  scores  made by each subjec t  
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on days 1 t o  3 with those  made on days 5 t o  7. 
d i f fe rence  i n  t h e  scores  is  s ign i f i can t  (U  T e s t :  
subject  S, z = 5.36, p < 0.001). 

For both subjec ts ,  t h e  
subjec t  R, z = 4.35, p < 0.001; 

In general ,  subjec t  S worked more r ap id ly  than subjec t  R ( U  Tes t ,  z = 2.60, 
p < 0.005). 

Figure 3 presents  t h e  e r r o r  scores  separa te ly  f o r  subjec ts  S and R f o r  each 
day of t h e  confinement. 
s h i f t s  and a l l  experimental t reatments .  

Each poin t  p l o t t e d  represents  a mean value for a l l  

Again, a comparison of t h e  e a r l i e r  p a r t  of t h e  run with t h e  later (days 1-3 
vs. 5 - 7 )  shows t h a t  subject  R exhib i ted  a decrease i n  e r ro r ,  while subject  S 
showed no s ign i f i can t  change ( U  T e s t :  
z = 0.23, not s i g n i f i c a n t ) .  

subjec t  R ,  z = 2.58, p < 0.005; subject  S, 

I n  general ,  subject  R made fewer e r r o r s  than  subjec t  S ( U  Tes t ,  z = 3.74, 
p < 0.001). 

Main Effec ts  o f  T i m e  o f  Day ( S h i f t )  

I n t e r e s t  ex i s t ed  i n  discovering d i f f e r e n t i a l  e f f e c t s  of t h e  var ious s h i f t s  
upon performance. 
and 5 (e r ror ) .  
h i s  best-to-worst  order of s h i f t s  being evening, day, night  (Friedman Tes t ,  

The main e f f e c t s  of  s h i f t  a r e  p l o t t e d  i n  f igu res  4 (speed) 
Subject R shows no e f f e c t  of s h i f t  on speed. Subject S does, 

xr2 = 9.06, af = 2, p < 0.02).  

Subject R ' s  e r r o r s  were s i g n i f i c a n t l y  a f f e c t e d  by s h i f t .  H i s  best-to-worst  
The order i s  night ,  evening, day (Friedman Tes t ,  xr2 = 6.18, df = 2, p < 0.05). 

observed d i f fe rences  f o r  subject  S are not s i g n i f i c a n t .  

It w i l l  be noted t h a t  i n  t h e  cases of both subjec ts ,  s ign i f i can t  e f f e c t s  of 
s h i f t  occurred f o r  t h e  measure i n  which t h e  subjec t  excel led.  Subject S worked 
more rap id ly  than  R ,  and h i s  speed w a s  r e l a t e d  t o  s h i f t .  Subject R made fewer 
e r r o r s  than S, and h i s  e r r o r  production w a s  r e l a t e d  t o  s h i f t .  Further research 
i s  needed t o  determine i f  t h i s  r e l a t ionsh ip  i s  s i g n i f i c a n t .  

Subject performance on p a r t i c u l a r  s h i f t s  may be r e l a t e d  t o  t h e i r  t y p i c a l  
manners of working. Subject R i s  a physiologis t ,  accustomed t o  working under 
peaceful  conditions,  commonly l a t e  a t  n ight .  He worked wel l  from midnight t o  
4 A.M., when S w a s  as leep,  and perhaps w a s  d i s turbed  by t h e  g rea t e r  general  
a c t i v i t y  during t h e  8 A.M. t o  noon s h i f t .  Subject S i s  a t e s t  p i l o t ,  and i s  
accustomed t o  performing as a subject  i n  experimental s i t u a t i o n s  which a r e  any- 
th ing  but peaceful.  He performed r e l a t i v e l y  wel l  during t h e  day, r e l a t i v e l y  
poorly a t  n ight .  It i s  possible ,  however, t h a t  under t h e  conditions of t h e  
experiment, with t h e  maintenance of  a pronounced day-night rou t ine  ( a  point  t o  
be discussed l a t e r ) ,  t h e  4 A.M. t o  8 A.M. s h i f t  w a s  inherent ly  more taxing than 
t h e  midnight t o  4 A.M. s h i f t .  Had t h e  sub jec t s '  s h i f t  assignments been reversed, 
t h e  result might have been d i f f e r e n t .  
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I n t e r a c t i v e  Effec ts :  Days v s .  S h i f t s  

It might be hypothesized t h a t  under such a regular  4-hour-on, 4-hour-off 
schedule, day-night e f f e c t s  would tend  t o  disappear i n  t i m e ,  t h e  subjec ts  s leep-  
ing as needed during t h e i r  4-hour off-duty per iods,  each 8-hour duty cycle  
becoming, i n  e f f e c t ,  t h e  sub jec t ' s  day. If t h i s  occurred, s h i f t  d i f fe rences  
should be l e s s  pronounced at t h e  end of  confinement than  at t h e  beginning. F ig-  
ures  6 and 7 present  da ta  f o r  t h e  beginning (first  3 days) and end (last 3 days) 
of t h e  confinement separa te ly .  Only those da ta  which showed ove r -a l l  s i g n i f i c a n t  
d i f fe rences  were considered i n  t h i s  way. 

Figure 6 presents  subjec t  S ' s  speed scores ,  by s h i f t ,  comparing beginning 
and end of confinement. The scores  recorded during t h e  f irst  3 days do not 
d i f f e r  s i g n i f i c a n t l y  by s h i f t  (Friedman T e s t ) .  Those f o r  t h e  last 3 days do 
(Friedman Test ,  X r 2  = 9.74, df = 2, p < 0.01). It seems reasonable t o  conclude 
t h a t  most o f  t h e  observed s h i f t  d i f fe rence  occurred during t h e  l a t t e r  days o f  
t h e  confinement. This  i s  contrary t o  t h e  hypothesis, i n  t h a t  s h i f t  d i f fe rences  
became more pronounced with t h e  passage of time. 

Figure 7 presents  subjec t  R ' s  e r r o r  scores,  by s h i f t ,  comparing t h e  f irst  
with t h e  l a s t  3 days. There i s  a suggestion t h a t  g rea t e r  e f f e c t s  of  s h i f t  were 
assoc ia ted  with t h e  last 3 days, but ne i ther  ana lys i s  revea ls  s t a t i s t i c a l  s ign i f  - 
icance (Friedman Tes t :  
0.50; l a s t  3 days, X r 2  = 4.14, df = 2 ,  p between 0.10 and 0.20) .  
reasonable t o  bel ieve tha t  s h i f t  e f f ec t s  d id  not disappear over t h e  course of 
t h e  7 days. 

f irst  3 days, X r 2  = 2.23, df = 2, p between 0.30 and 
It appears 

The pers i s tence  of  s h i f t  d i f fe rences  i s  explainable,  at l e a s t  i n  p a r t ,  by 
t h e  abundance of time-of-day cues ava i l ab le  t o  t h e  subjec ts  during t h e  confine- 
ment. These reminders included t h e  presence of t imepieces,  t h e  presence i n  t h e  
capsule of an experimental schedule marked i n  real time, day-night v a r i a t i o n  i n  
audibie  ex te rna l  noise,  e t c .  Even were these  f a c t o r s  cont ro l led ,  t h e  confinement 
experience i s  s t rongly r e l a t e d  t o  number o f  days durat ion,  and inevi tab ly  t h e  
subjec ts  would be i n t e r e s t e d  i n  number of  days s ince  t h e  beginning, number of 
days u n t i l  t h e  end, or both. Space missions themselves a r e  invar iab ly  r e l a t e d  
t o  durat ion i n  days, SO t h a t  it i s  poss ib le  t h a t  any s h i f t  e f f e c t s  t h a t  might 
e x i s t  at t h e  beginning of t h e  operat ion would p e r s i s t .  It i s  e n t i r e l y  poss ib le ,  
of course, t h a t  because of obvious d i f fe rence  i n  t a s k  s t r u c t u r e  and general  
s i t u a t i o n ,  no s h i f t  dif ferences would e x i s t  during t h e  a c t u a l  mission. The poin t  
seems worthy o f  f u r t h e r  study. 

E f fec t s  of Task Complexity 

Figure 8 presents  t h e  speed scores  separa te ly  f o r  subjec ts  as a func t ion  of 
t a s k  complexity. Under both array-constant and ra t io-cons tan t  condi t ions,  speed 
tended t o  decl ine with increased complexity (Friedman Tes t :  array-constant con- 
d i t i o n s ,  xr2 = 76.4, CE = 2, p < 0.001; ra t io-cons tan t  condi t ions,  xr2 = 56.9, 
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df = 2, p < 0.001). 
4:24) t h a t  requi red  a g rea t  number of marks w a s  r e l a t i v e l y  slow. 
expected, s ince  t h e  a c t  of making t h e  marks i s  i n  i tsel f  t i m e  consuming. 

Performance under t h e  t h r e e  condi t ions (1:6, 2:12, and 
This i s  t o  be 

Figure 9 presents  t h e  e r r o r  data ,  separa te ly  f o r  subjec ts ,  a s  a funct ion of 
t a s k  complexity. Increased complexity l e d  t o  a regular  increase i n  e r r o r ,  under 
both array-constant and r a t i o  -constant sequences (Friedman Test  : array-constant 
conditions,  xr2 = 68.1, df = 2, p < 0.001; ra t io-cons tan t  conditions,  X r 2  = 48.4, 
df = 2, p < 0.001). 

A p a r t i c u l a r  hypothesis of t h e  experiment w a s  t h a t  i n t e r a c t i v e  e f f e c t s  
between s h i f t  and t a s k  complexity would be observed. That is ,  it w a s  thought 
t h a t  decrements r e l a t e d  t o  a p a r t i c u l a r  s h i f t  might be more pronounced during 
performance of r e l a t i v e l y  complex t a s k s .  
t h e  primary reason f o r  including complexity as an experimental va r i ab le .  

The d e s i r e  t o  tes t  t h i s  hypothesis w a s  

No such i n t e r a c t i o n  w a s  observed. 

General Evaluation of  Performance 

Over t h e  course of t h e  confinement both subjec ts  showed an improvement i n  
speed and no decrement i n  e r r o r .  Since t h e  t a s k  was  developed j u s t  p r i o r  t o  t h e  
beginning of t h e  confinement, t h e r e  w a s  no p o s s i b i l i t y  of pre t ra in ing  t h e  sub- 
j e c t s .  Consequently, t h e  e f f e c t s  o f  l earn ing  cannot be separated f rom t h e  
e f f e c t s  of t h e  confinement, and it i s  poss ib le  t h a t  improvement through learn ing  
could be hiding decrements due t o  confinement. Nevertheless, it seems s i g n i f i -  
cant t h a t  continuing improvement d id  occur, and t h a t  any s t r e s s e s  of t h e  confine- 
ment experience w e r e  i n s u f f i c i e n t  t o  overcome t h i s  t rend .  It. i s  believed t h a t  
t h e  r e s u l t s  of t h i s  t a s k  support t h e  conclusion t h a t  t h e  capsule configurat ion 
t e s t e d  i s  habi table ,  under t h e  condi t ions o f  t h i s  experiment, s ince  prof ic iency 
i n  an information processing t a s k  w a s  maintained during a 7-day continuous 
occupancy. 

Ames Research Center 
National Aeronautics and Space Administration 

Moffett F ie ld ,  C a l i f . ,  Apr i l  26, 1963 
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TABIX I. - SAMPLF: WORK SCHEDULE 

Shift No. 20 
Monday, April 2, 1962 
Subject R on duty 

4:OO P.M. 
4:15 
4:35 
4:45 
5:lO 
5:15 
6:io 
6:25 
6: 45 
7:15 
7:25 
7:50 
8:oo 

Medical monitoring 
*Rate estimation 
*Vigilance 
*Pattern discrimination 
*Mission status monitoring 
*Navigation 

Tracking 
*Informtion processing 
*Vigilance 
*Pattern discrimination 
Rest 
Off -duty period begins 

Rest period 

*Performance task 

11 
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Figure 1.- A sample worksheet, condition V. 
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Figure 2.- Speed of performance by days. 
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Figure 4.- Speed of performance a s  a function of s h i f t .  Points p lo t ted  a re  
average for a l l  7 days, a l l  conditions. 
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Figure 5 .- Accuracy of performance (error measure) as a function of shift. 
Points plotted are average for all 7 days, all conditions. 
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Figure 6.- Speed of performance as a function of s h i r t .  The beginning of con- 
finment (days 1-3) is  compared t o  the  end of confinement (days 5-7). 
from subject S only .  
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Figure 7.- Accuracy of performance (error measure) as a function of shirt. The 
beginning of confinement (days 1-3) is compared to the end of confinement 
(days 5-71 - 
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Figure 8.- Speed of performance as a function of task  complexity. 



a 
CT 
0 
Q 

a 
Q 

v) 

0 

a 

0 

L 

I 

I 
I 

rc 

L 
a 
a 
E 
=I 
C 

I I I I 

IO - 

0-0 Subjec t  S 
e--+ Subject  R 

C 
0 15- 

20L I I I I 
1:24 2:24 4: 2 4  I : 6  2:12 

Ratio, number of l e t t e r s  sought  t o  t o t a l  number  o f  l e t t e r s  in t h e  a r r a y  

Figure 9.- Accuracy of performance (error measure) as a function of task complexity. 

I 
4: 2 4  


